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Abstract
Purpose: Myopia is a refraction error that may be caused by corneal curvature (CC) 
anomaly. The platelet-derived growth factor receptor alpha (PDGFRA) gene was deter-
mined to have an effect on the CC. The purpose of this study was to find a correlation 
between single nucleotide polymorphisms (SNP) in the PDGFRA gene and early-onset 
myopia in people of South-Sumatera origin, a part of an Indonesian ethnic group.
Design: Using a random sampling method, this population-based, case-control study 
included 100 subjects aged 18-40 years from Palembang, South Sumatera, Indonesia.
Methods: Visual acuity was measured by Snellen chart and the CC was measured by 
manual keratometer. DNA sample from buccal swab was investigated with Amplification 
Refractory Mutation System (ARMS) polymerase chain reaction (PCR) and visualized in 
agarose gel.
Results: Median of CC for the right eye was 7.73 (7.07-8.63) mm and the left eye was 7.73 
(7.04-8.69) mm. There was no difference between CC in myopic and normal subjects. Distri-
bution of mutant allele in rs17084051, rs7677751, rs7682912, and rs2114039 were higher 
in myopic subject compare to those of normal control. Significant association between 
PDGFRA gene polymorphism and early-onset myopia was found only in rs17084051 (p = 
0.009) and rs7677751 (p = 0.001).
Conclusions: Mutant type allele A of rs17084051 and mutant type allele T of rs7677751 of 
PDGFRA gene polymorphism are associated with early-onset myopia in South-Sumatera 
tribes in this study.
Keywords: corneal curvature, early-onset myopia, Indonesia, myopia, polymorphism, 
PDGFRA, SNP
Introduction
The eye is the most important human sensory organ that plays a critical role in 
human-environmental interaction. In 1996 and 1997, the WHO Program and the Task 
Force to the Partnership Committee of collaborating Non-Governmental Organiza-
tions launched The Global Initiative for the Elimination of Avoidable Blindness. The 
mission of this program is to have eliminated the main cause of all preventable and 
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treatable blindness by the year 2020. Refractive error is the most common disease-
causing visual impairment, especially myopia (or nearsightedness).1
The highest rate of myopia occurs in Bali, among the age group 11-20 years old 
(25.1%).2 Some factors may play a role in myopia, such as corneal curvature (CC), 
lens thickness, and axial length of the eye.3-5 The cornea in the myopic eye tends to 
be steeper compared to the normal eye.6 The CC tends to be flatter in infancy and 
then stabilize from one year old until 18 years old.7
Myopia is a complex disease that may be caused by a genetic factor or environ-
mental factors.3,4,8 If a genetic factor was involved, myopia can be also inherited 
through Mendelian trait, i.e., autosomal dominant, autosomal recessive, and 
X-linked.3,4 Based on the onset, myopia can be divided into three groups: early-
onset (< 20 years old), early-adult onset (20-40 years old), and late-adult onset (> 
40 years old). So, early-onset myopia is nearsightedness that happens before the 
age of 20.3,5
There are some studies dedicated to find the genetic role in myopia. PAX6 were 
determined to play a role in high myopia in Han Chinese9 and Japanese popula-
tions.10 P4HA2 was associated with non-syndromic high myopia.11 High myopia 
was found associated with homozygous frameshift mutation in LRPAP1 gene.12 
The GJD2, RASGRF1, BICC1, KCNQ5, CD55, CYP26A1, LRRC4C, and B4GALNT2 were 
associated with myopia in the Japanese population.13 A study by Han et al. found 
polymorphisms in FRAP1 and PDGFRA gene which were associated with CC in three 
ethnic groups in Singapore (Chinese, Malay, and India).14 Mishra et al. and Guggen-
heim et al. replicated the study with different populations and found a correlation 
between PDGFRA gene and CC.7,15
PDGFRA gene located at chromosome 4q12 encoded a protein called platelet-
derived growth factor receptor alpha. This receptor has an intracellular tyrosine 
kinase activity. When activated, the receptor will start a signaling process through 
MAP kinase, PI3 kinase, and C-gamma protein kinase. Epithelial and corneal stromal 
tissue are sensitive to the growth mediator which is activated by MAP and PI3 
kinase.16 PDGFRA were expressed in corneal tissue, especially in epithelial cells, 
stromal fibroblast, and endothelial cells.17 Guggenheim et al. performed antibody 
labeling in cornea models and found that the most PDGFRA protein expressions 
were in cornea epithelial and stromal tissue.7
The purpose of this study was to find a correlation between SNPs in the PDGFRA 
gene and early-onset myopia in people of South-Sumatera origin.
Methods
Using a random sampling method, this population-based, cross-sectional study 
included 100 subjects aged 18-40 years from Palembang, South Sumatera, 
Indonesia. Myopic subjects were selected from the academic community of Faculty 
of Medicine Muhammadiyah University Palembang, South Sumatera, Indonesia. 
The selection was based on a visual acuity test in both eyes, using a Snellen chart. 
Inclusion criteria for the case group were male or female of South-Sumatera origin 
with a visual acuity of < 6/6 (in meters) in both eyes, a positive response with 
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spherical concave lens, age at examination 18-40 years, and literacy.
Because people of South-Sumatera origin with normal eyes were limited in the 
academic community of the Faculty of Medicine Muhammadiyah University of 
Palembang, the control subjects were selected from a community outside the case 
population. Inclusion criteria for the control group were male or female of South-
Sumatera origin with visual acuity 6/6 (in meters), negative response with spherical 
concave and convex lens in both eyes, age at examination 18-40 years, and literacy.
Exclusion criteria for both groups were subject with early-adult and late-adult onset 
of myopia, hyperopia, myopia only in one eye, a history of ophthalmic surgery, and 
ophthalmic disease during examination.
The history of the selected subjects was taken and keratometry with manual 
keratometer (Takagi, Japan) was performed. This study followed the tenets of the 
Declaration of Helsinki. Informed consent was obtained from each subject after 
the explanation of the nature and possible consequences of the study. This study 
was approved by the Committee of Bioethics, Humanities, and Islamic Medicine of 
Faculty of Medicine Muhammadiyah University Palembang.
DNA was extracted from a buccal swab using a Genenaid Presto™ Buccal Swab 
DNA extraction kit following the manual instructions. DNA quantification was 
performed using Nanovue Plus. This study investigated seven SNPs: rs7676985, 
rs17084051, rs7677751, rs2307049, rs7682912, rs7660560, and rs2114039 in the 
PDGFRA gene. Molecular investigation was done using Amplification Refractory 
Mutation System PCR (ARMS PCR). Primers for ARMS PCR were designed by http://
www.primer1.soton.ac.uk/primer1.html.
The PCR reagents mixture consisted of 5 µl KAPA SYBR Fast Universal qPCR kit, 1 
µl for each 5 pmol/µl primer, 1 µl DNA sample 10 µg/ µl, and 1 µl H2O PCR grade. 
PCR reaction for rs17084051 was hold 1 95°C 3’, 40 times (95°C 10”, 60°C 30”, 72°C 
30”), and hold 2 72°C 2’. PCR reaction for rs7677751 was hold 1 95°C 3’, 40 times 
(95°C 10”, 55°C 30”, 72°C 30”), and hold 2 72°C 2’.
Results
This study recruited 100 South-Sumatera people, 50 people were myopic and 50 
people were control; 67 (67%) were female and 33 (33%) were male (Table 1).
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Table 1. Distribution of sex, visual acuity, and corneal curvature.
Classification Case Group Control Group
Frequency Percentage (%) Frequency
Percentage 
(%)
Sex
Male 41 persons 82 26 persons 52
Female 9 persons 18 24 persons 48
Total 50 persons 100 50 persons 100
Visual acuity
< 6/6 100 eyes 100 0 eyes 0
6/6 0 eyes 0 100 eyes 100
Total 100 eyes 100 100 eyes 100
Myopia
< 3 Dioptri 81 eyes 81
3-6 Dioptri 13 eyes 13
> 6 Dioptri 6 eyes 6
Total 100 eyes 100
Corneal curvature
Right eye ≤ 7.8 mm 35 eyes 35 29 eyes 29
> 7.8 mm 15 eyes 15 21 eyes 21
Left Eye ≤ 7.8 mm 34 eyes 34 30 eyes 30
> 7.8 mm 16 eyes 16 20 eyes 20
Total 100 eyes 100 100 eyes 100
Median of the CC (interquartile range) for the right eye was 7.72 (7.60-7.93) mm and for the left eye 7.73 (7.59-7.91) mm. 
The mean value of the CC radius in this study for the right eye was 7.75 ± 0.24 mm and for the left eye 7.76 ± 0.25 mm.
We distinguished different genotypes of subjects using ARMS PCR. The accuracy 
of this method was confirmed by sequencing of positive control samples (Figs. 1 
and 2).
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A significant p value of < 0.05 was found in two SNPs: rs17084051 and rs7677751. 
Those two SNPs had a positive association with early-onset myopia. There was 
no correlation between the seven SNPs with CC in the people of South-Sumatera 
origin (p > 0.05 for both eyes).
Fig. 1. Electrophoresis result of rs7677751 ARMS PCR for wild type allele. Left: Wild type allele C 
shown as control band at 409 bp and inner band at 212 bp. (Lane 1: Marker ladder 100bp, 2: Blank, 
3: Positive control, 4-6: Wild type allele positive). Right: Positive control showed allele C in the 
sequencing result.
Fig. 2. Electrophoresis result of rs7677751 ARMS PCR for mutant type allele. Left: Mutant allele T 
shown as control band at 409 bp and inner band at 250 bp. (Lane 1: Marker ladder 100bp, 2: Blank, 
3: Positive Control, 4: Mutant allele positive, 5-6: Mutant allele negative). Right: Positive control 
showed allele T in the sequencing result.
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Table 2. Association between mutant allele of SNPs and early-onset myopia.
SNP Mutant Allele
MAF in 
South 
Sumatera 
population
p value for 
early-onset 
myopia
PR CI 95% p value for CC
Right 
eye
Left 
eye
rs7676985 A 0.18 0.137 0.53 0.23-1.23 0.958 0.958
rs17084051 A 0.29 0.009 2.94 1.30-6.65 0.738 0.738
rs7677751 T 0.24 0.001 4.15 1.80-9.57 0.423 0.701
rs2307049 A 0.43 0.130 0.52 0.22-1.22 0.331 0.331
rs7682912 G 0.45 0.159 1.77 0.80-3.92 0.933 0.933
rs7660560 A 0.20 0.838 1.09 0.49-2.43 0.384 0.657
rs2114039 C 0.32 0.161 1.76 0.80-3.89 0.423 0.701
MAF = Minor allele frequency; PR = prevalence risk; CI = confidence interval; CC = corneal curvature.
Minor allele frequency (MAF) of seven SNPs from all South-Sumatera subjects 
were resumed and compared to Malay Singaporean subjects from previous study 
(Table 2).9 There were four SNPs in the South-Sumatera tribe that have high MAF 
compared to the Malay Singaporean population.
Discussion
The mean value of the CC radius in this study was higher than the mean value of 
the CC in three major ethnic groups in Singapore based on a previous study. In 
the Malay Singaporean population, the mean value was 7.66 mm, in the Indian 
Singaporean population 7.62 mm, and in the Chinese Singaporean population 7.73 
mm.14
Some studies found an association between the CC and refractive anomaly. The 
myopic eye has a steeper CC than the normal eye.6,7,18 Carney et al. (1997) found 
a difference between the mean value of the CC in emmetropic people and high 
myopic people.6 Saw et al. (2002) in their study found the mean value of the CC 
in higher myopia was 7.67 mm and in lower myopia 7.71 mm. They also found a 
p value of 0.001 for the CC in higher myopia.19 The CC in higher myopia and lower 
myopia was classified as steeper cornea (≤ 7.8 mm). This study found no correlation 
between CC and early-onset myopia ( p value > 0.05). When we tried to classify 
myopia into high myopia (> 6 D) and low myopia (≤ 6 D), we found no difference 
between the CC in high myopia and low myopia (p value > 0.05). Perhaps that is 
why in this study we could not find a correlation between the CC and SNPs in the 
PDGFRA gene.
A study in Taiwan, Australia, and China also found that males had a higher CC radius 
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compared to females.20,21,22 The CC radius of males of South Sumatera origin was 
higher (right eye mean 7.79 ± 0.23 mm, left eye mean 7.83 ± 0.26 mm) compared to 
the CC of females (both eyes mean 7.72 ± 0.23 mm). However, in Nigerians, females 
had a higher CC radius.23 Although the male CC was higher than the female CC, this 
study found no differences in statistics between male and female CC (p > 0.05), just 
like a study in Taiwan school children that found no difference in CC radius between 
boys and girls.22
There were no SNPs of the PDGFRA gene that had an association with the CC in 
people of South Sumatera origin in this study. However, this study found a positive 
association between mutant allele in rs17084051 and mutant allele in rs7677751 
with early-onset myopia. People with positive mutant allele in rs17084051 and 
rs7677751 was having 2.94 and 4.15 greater risk, respectively, for having early-
onset myopia. Because those both SNPs were not associated with CC, perhaps 
they were affecting another path of myopia pathophysiology, such as axial length 
or lens thickness. Based on the Ocular Tissue Database, the lens had the highest 
expression of PDGFRA protein with 745.489 PLIER while the cornea only had 88.85 
PLIER.24 PDGFRA protein also expressed in lens epithelium and conducted of hyper-
proliferation and ectopic differentiation into lens fiber cells.25 rs7677751 was found 
to be associated with corneal astigmatism in the Singapore population,26 but not in 
the Australian population.27
SNP rs17084051, rs2307049, rs7682912, and rs2114039 were having MAF 0.29, 
0.43, 0.45, and 0.32 respectively. These MAFs were higher than MAF in the Malay 
Singaporean population. This condition described that the mutant allele A in these 
SNPs was more existing in the South Sumatera population, Indonesia. The differ-
ence in MAF in those SNPs between these two populations may be caused by 
different ethnicity.
As a multifactorial disease, myopia could be caused by a genetic factor and/or an 
environmental factor. There was lack of information about genetic involvement in 
myopia development in Indonesian population. The limitations of this study were 
the small sample size and the fact that this study only focused on the genetic factor, 
comparing the genetic susceptibility between people of South Sumatera origin 
and other ethnicities. For further studies, the environmental factor can be investi-
gated together with the genetic factor so we can resumed which factor that play 
the biggest role in early onset myopia among South Sumatera tribe population in 
a bigger sample size.
Conclusion
Mutant type allele A of rs17084051 and mutant type allele T of rs7677751 PDGFRA 
gene polymorphism are associated with early-onset myopia in people of South 
Sumatera origin, Indonesia.
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